Although Tritrichomonas muris is a common parasite often detected in experimental animals including mice, its pathogenesis in host animals remains unclear. Proteomics can be used to specifically analyze biochemical host-parasite interaction and immune responses of the host to parasites. However, proteomics have not yet been applied to T. muris studies. Here, the effects of T. muris on the host were analyzed by proteomics. We found that 10 different proteins were expressed in T. muris-infected mice intestines compared with noninfected intestines. The identified proteins represented several functions mainly related to stress, immune response, metabolism and signal transduction. The results suggest that T. muris infection may affect processes that are acclimatizing to the environmental changes caused by the infection in the mouse intestine.
Tritrichomonas muris is one of the most common protozoa detected not only in mice but also in other experimental rodents [21, 25] . The main transmission route of T. muris is ingestion of pseudocysts from the feces of an infected host. After ingestion, the pseudocysts proliferate in the intestinal lumen without invading the intestinal tissue [11] . The pathogenesis of T. muris is poorly understood [7] . Although the protozoan is suspected to be almost generally non-pathogenic [18] , diarrhea and anorexia have been reported as signs of the infection [11] . To confirm whether the parasite is nonpathogenic or not, additional detailed studies are required. Proteomics can be used to specifically analyze biochemical host-parasite interaction and the immune responses of the host to T. muris or any other stress induced after infection. It is also a useful tool for discovering novel drugs and vaccines combating parasites in general. Currently, in the field of parasitology, many proteomics studies of different systems have been reported [2, 10, 22] ; however, none has so far been conducted on T. muris. In this study, we investigated the effects of T. muris infection on host mice at the molecu--Note-lar level by comparing the proteomes of the intestine between a T. muris-infected mice group and an uninfected mice group.
Twelve specific-pathogen-free C57BL/6 mice (male; 4 weeks old) were purchased from Charles River Japan, Inc. (Yokohama, Japan). Animal care and experimental procedures were approved by the Animal Research Committee, Tottori University. T. muris was obtained from infected and isolated intestines of laboratory mice. The parasite was identified based on its morphological characteristics and movement patterns under light microscopy, as previously described [7] . SPF mice were divided randomly into two groups of mice: infected (n=6) and uninfected (n=6) groups. In the infected group, mice were combined with T. muris-positive mice for the maintenance of infection and were naturally intermixed for 8 weeks. In the uninfected group, mice were bred without T. muris-positive mice for 8 weeks. All mice were then sacrificed by cervical dislocation under diethylether anesthesia and cecums were dissected. A small amount of the intestinal content of each mouse was mixed with a drop of saline, and then observed to confirm natural infection with T. muris in the infected group. The cecums obtained from both groups were sufficiently washed with saline to remove intestinal contents.
Protein extraction and two-dimensional polyacrylamide gel electrophoresis (2-DE) were performed, as described here: http://www.proteome.tmig.or.jp/2D/2DE_ method.html.
Each extracted protein sample was separated by 2-DE. In the first dimension of isoelectric focusing (IEF), a 15-µl aliquot of the supernatant was applied near the cathode wick of each 13-cm Immobiline Gradient Strip (pH 4-7 or 3-10) (Amersham Biosciences) and run on the CoolPhoreStar immobilized pH gradient-IEF (Anatech, Tokyo, Japan) at 20°C. The strips were equilibrated, as described previously [40] . In the second 2-DE, each strip was placed on top of the polyacrylamide gel (12%, 13 × 13 × 0.09 cm) and then run vertically under standard Tris/glycine/SDS buffer. The gels were fixed in 50% methanol and 10% acetic acid for 30 min. Following staining using the Silver Stain MS kit (Wako, Osaka, Japan) the gels were scanned using Molecular Imager FX (Bio-Rad, Tokyo, Japan).
Protein spots from the 2-DE gel images were outlined and enumerated using the PDQuest 7.2 software program (Bio-Rad). The protein resolved in an individual spot was quantified based on the spot signal intensity. Normalization was performed by taking the intensity ratio of an individual spot to the total ratio in the gel; the quantity of a protein in an individual spot was expressed as the fractional intensity relative to the sum of all the detected features of the sample. Only the spots showing more than two-fold changes commonly between the infected sample and the control sample, and passing the statistical test of PDQuest 7.2 were defined as differentially expressed proteins and selected for further analyses.
The protein contained in each selected spot was digested with trypsin (Promega, WI, USA) in the gel according to the manufacturer's instructions. To the digested mixture was added an equal volume of 10 mg/ml a-cyano-4-hydroxy cinnamic acid. Peptide fragment mass spectra values were obtained by matrix-assisted laser desorption ionization-time of flight-mass spectrometry (Bruker Daltonics, AutoFlex II, MA, USA). The protein in the selected spot was identified by matching the mass spectrometry data with sequence databases using Mascot Search (http://www.matrixscience.com).
All animals remained healthy throughout the experiment. Although diarrhea and anorexia have been unusually reported in T. muris infection [11] , neither these symptoms nor macroscopic lesions in the intestinal tract were observed in our experiment (data not shown).
Soluble proteins of the mouse cecums in the 2 groups were separated first by 2-DE in a pH range of 3-10 (data not shown), in which most spots were concentrated in the pH region of 4-7. Then, all the samples in this experiment were run at pH 4-7 and analyzed. PDQuest™ software was used for the image analysis of 12 representative 2-DE gels obtained from these 12 separate protein preparations. Approximately 1,000 spots were detected in each silver-stained gel for the T. muris-infected (Fig. 1A) and control (Fig. 1B) samples. The molecular weights of the proteins were detected between 10-100 kDa.
The intestinal proteins expressed at more than twofold differences in 2-DE gels between the infected and uninfected groups were analyzed by MALDI-TOF-MS. Two up-regulated proteins (PP2A and PEBP1) and eight that from the cecum of a non-infected mouse (B). Gel obtained after separation of soluble proteins (100 µg) by two-dimensional polyacrylamide gel electrophoresis (2-DE) (first dimension: isoelectric focusing (IEF) pH range, 4-7; second dimension: 12% sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and silver staining). Image data were analyzed using PDQuest software. Differentially expressed protein spots were identified by matrix-assisted laser desorption ionization-time of flight-mass spectrometry (MALDI-TOF/MS). pI indicates the isoelectric point and MW denotes the molecular weight. Figure  1C shows individual differentially expressed protein spots between T. muris-infected and control mice (left panels) and their corresponding histograms quantified by spot intensity level (right panels). The y-axis of the histogram indicates the light intensity level and the unit is pp (right panels). Arrows indicate each protein spot. Values are presented as means ± SD. *P<0.05, significant differences in the protein spot intensities when compared with the control sample as determined by Student's t-test.
down-regulated proteins (HSP27, Q91VH3, RSSA, ApoA-1, NDUS3, GRIR, Q8C6J6, and 1433Z) were identified in T. muris-infected mice ( Fig. 1C and Table  1 ). Some proteins related to stress, immune response, lipid metabolism and signal transduction were also identified ( Table 1 ). The 2-DE images of the proteins are shown together with their corresponding comparative magnified sections in Fig. 1C .
In this study, we used a proteomic approach to identify proteins differentially expressed in the T. muris-infected mice. Although clinical signs were unrecognizable in the T. muris-infected mice, we showed in the experiment that the parasite at least affected the host intestinal proteomes. The affected proteins represent several functions mainly related to stress, inflammation (HSP27 [26] ), immune response (RSSA [5] ), metabolism (ApoA-1 [17] and NDUS3 [19] ), and signal transduction (PP2A [12] , PEBP1 [23] , GDIR [4] , and 1433Z [27] ). Q91VH3 is a cellular component of the muscle thin filament tropomyosin [8] . Q8C6J6 is a hypothetical protein and its function is unknown [3] . The results suggest that T. muris infection may affect the processes mentioned above which appear to be responses to the environmental changes caused by the T. muris infection.
Heat shock protein 27 (HSP27), which is associated with inflammation and stress resistance [26] , was downregulated in the infected sample (Fig. 1, Table 1 ). It is known that several pathogens and their products induce the expressions of various heat shock proteins in different cell types including intestinal epithelial cells [6, 16, 20] . Moreover, the expression of heat shock proteins in the epithelium is regulated by cytokines and immune cells such as lymphocytes [16] . Our result is consistent with the result that prolonged stimulation with soluble amoebic proteins reduced the level of HSP27 in a human colonic epithelial cell line [14] . Although it is not clear how the down-regulation of HSP27 is involved in T. muris infection, it is implicit that T. muris injures and induces inflammation at least in the epithelium of the host intestine.
An association between T. muris infection and immune response in the host has been previously suggested. For example, BALB/c mice with concomitant schistosome infection have significantly increased prevalences of T. muris, since the immunological changes may alter the susceptibilities of the host to the parasite [9] . In the present study, some of the proteins affected by the infection were related to immune response (Fig. 1, Table 1 ). More recently, it has been reported that some parasitic pathogens secrete proteins that interact with host cells or directly enter host cells to play a dominant role as immunogens [15] . T. muris can also secrete similar proteins that interact with the host intestine because this protozoan is known to proliferate in the intestinal lumen of the host without invading the intestinal tissue [11] . Apolipoprotein A-1 (ApoA-1) protein is a protein related to lipid transfer and cholesterol metabolism [17] . It was found to be down-regulated in an infected sample (Fig. 1, Table 1 ). Giardia lamblia, which has very limited ability to synthesize membrane lipids and cholesterol de novo, colonizes the lipid-rich environment of the human small intestine depending on exogenous sources for both energy production and membrane biogenesis [13] . Changes in lipid utilization and transport and innate immunity in relation to jejunal epithelial protein expression in adult male mice infected with the intestinal nematode Trichinella spiralis have been described using proteomic analysis [24] . Moreover, other trichomonads such as Trichomonas vaginalis and T. foetus have been confirmed to utilize exogenous fatty acids and cholesterol by radiotracer studies [1] . T. muris might also have capabilities similar to those of the preceding protozoa and therefore proliferate in the intestine utilizing lipids acquired from the host. Under such circumstance, the absorption of lipids in the host would be obstructed by the parasite inducing unbeneficial downregulation of ApoA-1 in the intestine. More recently, proteomic studies of T. vaginalis have been reported and proteins related to carbohydrate metabolism were the most abundant category out of 247 spots representing 164 different proteins identified in the T. vaginalis proteome. This previous study provided a reference proteome database for future comparative proteomic studies on trichomonads [10] .
The infection intensity might have been different among the infected mice because natural infection with T. muris was used in this study. It would be of great interest to establish if there were any differences in infection intensity among the samples, if there were correlations between the infection intensity and the expression of any of the 10 proteins, and if there were correlations between the pathological changes observed in mice infected with T. muris and the expression of any of the 10 proteins. We aim to further investigate these issues in subsequent T. muris infection tests.
In this study, the effects of T. muris on host mice were analyzed by proteomics. We found that 10 different proteins were expressed in T. muris-infected mice intestines compared with non-infected intestines. These identified proteins may be related to the host-parasite interaction of T. muris infection. In addition, the basic data obtained in this study will be useful for the development of diagnostic markers of T. muris infection. Proteomics may have wide applicability to other infectious agents affecting experimental animals.
